Introduction
Jatropha cuurcas Linn. (tropical physic nut) belonging to family Euphorbiaceae is a native species of tropical America, cultivated throughout the tropics and is sub-spontaneous in Mauritius and Seychelles (BAKER, 1877) . It is a very prominent and widely acclaimed species with vide variety of uses. It is a small tree or large shrub, which can reach height of up to 5 m and has high potential for greening and eco-rehabilitation of wastelands as well as for bio-aesthetic reasons (HELLER, 1996) . In India, it is found in semi-wild conditions in the vicinity of villages and is one of the most promising drought tolerant perennial plant adapted to various kinds of soil conditions (SRIVASTAVA, 1999) . The plant is widely distributed and fits easily into agricultural systems in the form of hedges, windbreak, anti erosion barrier or source of firewood (SRIVASTAVA, 1999) .
In the recent years energy conservation and its production has acquired significant importance in the wake of the world energy crisis. A number of options for production of liquid fuel as an alternative source have been considered in many countries. Oil seed crops are potential renewable sources of fuels and in this category J. curcas has won over the interest of various developmental agencies. The J. curcas oil has been identified as an efficient substitute to be used as fuel for diesel
Seed Source Variation in Growth Performance and Oil Yield of Jatropha curcas Linn. in Central India
By H. S. GINWAL * , P. engines (BHASABUTRA and SUTIPONPEIBUN, 1982a; BHASABUTRA and SUTIPONPEIBUN, 1982 b; RAINA, 1985) . The engine performance and fuel consumption with J. curcas oil has been compared favourably with normal diesel oil (TAKEDA, 1982 b and TAKEDA and MINORU, 1981; BHASABUTRA and SUTIPONPEIBUN, 1982 a, b; JARAY, 1984; MARTIN and MAYEZIX, 1984; MUNCH and KEIFER, 1989) . Hence utilization of J. curcas oil as a new source of oil for diesel engine has tremendous scope in contributing to growing needs of country for energy resources. However, many specific questions about its production, commercialization and genetic improvement work are still in infancy.
No work on genetic improvement aspects of this species has been taken up so far in India. Systematic provenance trials at different locations have not yet been carried out with J. curcas in India and to the necessary extent in the world. The material from the center of origin has not been sufficiently screened (HELLER, 1996) . The genetic background of the J. curcas grown in Africa and Asia is unclear (HELLER, 1996) . At the global level the information on genetic improvement of J. curcas is restricted to few publications. Among the few reports, SUKARIN et al. (1987) did not observe any morphological differences between 42 clones originating from different locations in Thailand. HELLER (1996) reported a significant difference in the vegetative development among 13 provenances of J. curcas in multilocation field trials in two countries viz. Senegal and Cape Verde and a significant genotype-environment-interaction (G x E) in Senegal.
Owing to its importance, the species has gained popularity and is being scaled up in different parts of India on large scale. Being a naturalized species with a wide range of distribution, J. curcas embraces a considerable scope of variation, which suggests a high potential of this genus in India. The screening of existing populations for growth and oil yield, could be utilized profitably for selection of best sources for afforestation and productions of oil. There is a good reason for developing J. curcas as a new energy crop as it does not compete with conventional food crops for land, water and manpower resources and also it has the ability to make a significant contribution to the nation's growing needs for energy though large scale cultivation with ease (SRIVASTAVA, 1999) . In the present study a total of ten sources of J. curcas representing the promising Jatropha occurring belt of tropical dry deciduous forests in central India, were screened and evaluated under a semi-arid environment. The objective of this study was to understand the magnitude of genetic variation in oil yield, growth behaviour and adaptability in central India to identify the best seed sources to be utilized for reforestation and future genetic improvement work. Also to generate basic information for initiating the range wide provenance tests including provenances of wide geographical origin involving many countries.
Material and Methods
The experiment was conducted at Tropical Forest Research Institute, Jabalpur which falls between 230 00' 30'' to 23°02´ N latitude and 79°59´ 30´´ to 80°02´ E longitude. The area enjoys semi-arid type of climate with mean annual rainfall 1350 mm.
Seeds of J. curcas were collected through the field surveys, at least from 10 parent plants chosen randomly from each population, which were situated about 100 m apart from each other. Seeds from each plant (at least 10 %) were collected and labeled to maintain the identity of seed parent. A uniform pretreatment was given to the seeds prior to sowing by soaking them in warm water (40°C) for two hours, allowed to cool and kept soaked for 24 hours. Seeds were sown directly in polythene bags (one seed per bag) containing potting mixture of sand, soil and farm yard manure in the ratio of 1:1:1 (by volume) in four replicates of 100 seeds each using randomized complete block design as per ISTA rules (1996) . Prior to sowing, the polythene bags containing potting mixture were given fungicide treatment (0.2 % Bavistin) and kept covered with plastic sheet for 24 hours. Daily germination observation was taken till the germination was completed. Seedlings were maintained in the nursery till their field planting. Four-month-old seedlings were planted in the field (pit size 45 x 45 x 45 cm) in August 1996 in a randomized complete block design with three replications. Each source constituted a 25 tree square plot and the spacing from plant to plant was kept 3 x 3 m. All the 25 trees in each plot constituted the measuring unit. Observations were recorded on the trial periodically for plant height (m), collar diameter (mm), number of branches and survival percentage. The first assessment was carried out 12 months after field planting and subsequently after 24 months. Leaf area was measured with a leaf area meter (LICOR-LI 3000) of 5 leaves chosen randomly from each tree and expressed as average leaf area per leaf. The leaf area was multiplied by the number of leaves occurring in the plant and was expressed as total leaf area per plant.
Extraction of seed oil was carried out following the method of ANON. (1965) , in which the seed kernels were separated and powered. The oil was extracted from the powdered samples (known weight) in soxhlet extraction apparatus with petroleum ether (60-80°C) for 6 hours without interruption by gently heating it. Ether was evaporated on a water bath until no odor of ether remained. The oil yield was expressed in term of percentage of powdered sample.
Data were subjected to analysis of variance and Least Significance Difference test using SPSS (version 6.1) computer program (SPSS Inc. 233 S. Wacker Drive, 11th floor, Chicago, IL 60606-6307). Linear correlation coefficients were calculated among the studied traits, as described by SNEDECOR and COCHRAN (1967) . Genotypic and phenotypic coefficients of variation, heritability, genetic advance and genetic gain were calculated using the method of KEMPTHORNE (1957) .
Results
The soil and site characteristics of J. curcas sources are given in Table 2 . Soils of Chhindwara (S8) area are gravelly sandy loam. Soils in Niwas (S3) and Bichia (S2) are clay loam. However, Niwas (S3) is more gravelly. In Nasik (S7), Khandwa (S5) and Burhanpur (S6) soil texture is loam, sandy clay and clay loam respectively but dominantly gravelly. In areas of Jabalpur (S10), Gondia (S1) and Balaghat (S4), soil texture is mostly clay loam, sandy loam and loamy sand respectively.
Seed sources of J. curcas varied significantly in respect of seed weight and oil content in whole seed and in kernel ( Table  3 ). The whole seed weight was highest in case of S8, which is at par with S2, S3 and S9. In case of weight of seed coat and kernel, the highest mean values were also found in S8 source and were at par with S2, S3, S9 and S7. The coefficient of variation for weight of whole seed, weight of seed coat and weight of kernel were found to be 10.25, 6.15 and 13.18 per cent respectively. Data revealed that the oil percentage of whole seed was highest in S8 source followed by S9 and S2 but these were also at par with each other. The oil contents of these three seed sources were found significantly higher than those from remaining seed sources. The least value for oil content in all seed sources was obtained in case of S5, which is also at par with S4. The oil yield obtained from kernels of S8 source exceeded significantly from all other seed sources. The least value for oil content from kernel was found in S4. The coefficient of variation for the oil content of whole seed and kernel was found to be 5.84 and 6.98 per cent respectively.
The seedlings raised from seeds collected from ten sources were evaluated for growth and survival at age 12 and 24 months of field planting. The corresponding mean performance values have been presented in Table 4 . The height growth after one year of planting was registered higher in S8 followed by S9, S2 and S3, which were statistically at par with each other. The lowest value was recorded in S1 followed by S4 and S6. Collar diameter was recorded maximum in S8 followed by S9 and S3 and are statistically at par. Maximum number of branches were found in S7 source followed by S3, S2, S9, S8, S4, S6, S1 and S10. These sources were statistically at par in respect of number of branches. The field survival was recorded highest in S8, S9 and S10 sources and the lowest in S1, however no significant difference between the sources for this character was observed. The coefficient of variation for height, collar diameter, number of branches and field survival was found to be 9.17, 7.88 and 10.37 per cent respectively.
After 24 months of field planting, significant differences (P < 0.05) were noticed among seed sources in height, collar diameter, number of branches, leaf area and survival per cent. The growth followed a more or less similar trend as was observed at age 12 months. A clear-cut distinction in the performance of the seed sources was observed at this age in which the S8 source out ranked the remaining ones with regard to height (205.5 cm), collar diameter (41.95 mm) and field survival (88.89 %). Numbers of branches were found maximum in S4 followed by S2, S8 and S3 and were statistically at par with each other. The survival percent was recorded highest in three sources viz. S8, S9 and S10. However the lowest survival was however recorded in S1. The average leaf area ranged between Ginwal et al.·Silvae Genetica (2004) . The maximum of which was found in S2 followed in S9 and S8 and the minimum in S1. The total leaf area per plant was recorded maximum in S8 source and S1 depicted the minimum. The coefficient of variation for height, collar diameter, number of branches, leaf area, total leaf area per plant and field survival was found to be 5.51, 7.01, 21.79 4.65, 12.46 and 8.52 per cent respectively.
Correlations
The correlation coefficients (r) among the seed, oil and growth traits are presented in Table 5 . Whole seed weight was found to have higher significant positive relationship with seed kernel weight, seed oil content, kernel oil content, height (12 month and 24 months field growth), collar diameter (12 month and 24 months field growth), number of branches (12 month growth). Seed kernel weight was also correlated significantly with seed oil content, height and collar diameter of 12 and 24 month field growth, number of branches (12 month) and total leaf area (24 month). Similarly seed oil content and kernel oil content was found to have significant positive relationship with all the growth traits except the number of branches. Growth traits viz. height, collar diameter, leaf area and field survival were found to have significant inter-correlation with each other.
Genetic analysis
Variance components for growth traits are presented in Table  6 . There were fair differences between the values of genotypic and phenotypic variance and genotypic and phenotypic co-efficient of variation for all the characters. Wide range of variation was observed for each of the character studied. Estimates of broad sense heritabilities for growth traits were high and Table 4 . -Growth performance of various seed sources after field planting.
NS -non significant. CD = critical difference, SE = standard error of mean. ** Significant at the 0.01 level (2-tailed). ** Significant at the 0.05 level (2-tailed). Ginwal et al.·Silvae Genetica (2004) 53-4, 186-192 DOI:10.1515/sg-2004-0034 edited by Thünen Institute of Forest Genetics ranged from 38.99 to 97.04 %. The heritability values were lower for survival. The heritability for height was quite good and was 69.32 and 97.04 % after one and two years field growth respectively. The values of heritability changed with the age with same set of genotypes. The genetic advance and genetic gains were worked out to be 5.56 and 17.17 respectively for height; 4.66 and 12.06 for diameter; 9.59 and 11.79 for survival; and 11.20 and 9.42 for leaf area at two years field growth. Genetic gains were recorded high for height, and collar diameter at both the age interval.
Discussion
J. curcas is being explored for its oil yield potential throughout the world. Attempts are therefore aimed at screening out J. curcas seed sources, which can produce better oil yield. Its kernel is found to contain 45-60 per cent oil (JONES and MILLER, 1991) . In the present study the oil yield was comparable to this reports. The populations of this species collected from the central region of India vary in their growing habitat in respect of altitude, temperature, soil conditions and rainfall. The sources used under this study had mean annual rainfall range from 714 mm to 1490 mm. Also the source varied considerably in respect to site and soil conditions viz. slope, soil depth and soil texture. Variation in sources of J. curcas with respect to growth performance is mainly due to the fact that this species grows over a wide range of rainfall, temperature and soil types in central India. Populations might have experienced marked differences in selective pressure.
The Chhindwara (M.P.) source was found far superior than the remaining nine sources. If the oil percentage of this source is taken for granted as 100 grades, the Kubdam (M.P.) source stands at 90 ( Table 7) . Accordingly oil grades of Jabalpur (M.P.), Bichia (M.P.) and Niwas (M.P.) seed sources would be equated to 85. Even Nasik (Maharashtra) seed source can be categorized fairly good performers. Other seed sources can be put in a group having low grades. Thus on the basis of oil yield seed sources under study can be categorized in four categories viz. as excellent (100 grade), very good (90-99 grades), good (85-89 grades) and moderate (80-84 grades).
The location of Chhindwara (M.P) source is at fairly high altitude in comparison to others and is characterized with less rainfall and moderately high temperature. The area is characterized with summer dry conditions in comparison to other sources. A drier climate is supposed to improve the oil yield in J. curcas seeds (JONES and MILLER, 1991) . Also it is worth to mention here that the Chhindwara locality has better soil depth as compared to the other sources. Soil conditions play significant role in causing variation in oil yield (SRIVASTAVA, 1999) . Phosphorus has been found to be the main requirement for increase in oil yield in the case of castor beans growing in East Africa (DE GEUS, 1973) . The other good performers were Kundam, Jabalpur (local), Bichia and Niwas, which also maintained their superiority throughout the observation period. These sources fall within the geographical belt of dry deciduous forests and are located within the range of 400 km.
The seed sources in most of the cases were significantly different in oil yield and growth variables and have showed a considerable amount of genetic variability with in the distribution range indicating a good scope of genetic gain through selection. J. curcas is found mostly in India as small, discrete populations, which are the basic resources for future improvement Ginwal et al.·Silvae Genetica (2004) 53-4, 186-192 DOI:10.1515/sg-2004-0034 edited by Thünen Institute of Forest Genetics and breeding programmes. The apparent variability in oil content along with variability in growth performance indicates that economic benefits may be obtained. The extent of variation in seed weight and oil content in the whole seed and kernel is large as compared to other traits. The consideration of seed weight in selecting and understanding the geographical variation has been advocated because of the least plasticity in this character (HRAPER et al., 1970) . The results of the present study will be valuable for seed zone delineations, strategies for conservation of genetic variation, prospects of improvement and assessment of the potential of locally adapted seed source.
The patterns of variation (based on coefficient of variation) exhibited for various characters were substantially different and varied with age. The presence of such difference among populations has probably been produced by different intensities of natural selection acting upon these traits in their natural habitat. Some of the variation found, may be associated with the discrete populations from which seed was collected. Coefficient of variation for number of branches after two years of plantation is maximum (21.79 per cent). This attributes to differences in dimensions of form of tree crown (JANKIEWICZ and STECKI, 1976) .
The local seed source in the present study ranked comparatively low in comparison to the highest oil and growth producing source i.e. Chhindwara. It is indicative that there is a better choice of using selected promising genotypes and populations from the range of distribution. Germplasm used in afforestation programmes in India and other countries, generally uses only the locally available material. By doing so, good opportunities might have been missed for using material with higher yield potential or with more desirable characteristics.
Tree breeding strategy is largely dependent upon the extent of variability in the base population which is measured by different parameters viz. genotypic and phenotypic variances, and genotypic and phenotypic co-efficient of variation (SUBRAMAN- IAN et al., 1995) . The genotypic coefficients of variation are comparatively lower than phenotypic coefficient of variation for all the traits. RATHINAM et al. (1982) also reported similar results for height and girth, and SUBRAMANIAN et al. (1995) for height, girth and clear bole length. The estimates of broad sense heritabilities for growth traits indicate that a considerable portion of variance is additive. High additive genetic variance and large variation between seed sources offer good scope for genetic improvement of this species. Heritability in broad sense may also give useful indication about the relative value of selection of the material at hand, but to arrive at a more reliable conclusion, heritability and genetic advance may be considered jointly (SUBRAMANIAN et al., 1995) . As expected the height and collar diameter registered higher values of genetic gain in comparison to other characters.
The phenotypic correlations among many seed and growth traits ( Table 4) showed highly significant correlations. It is interesting to note that none of the character had shown negative correlation with each other, thus concluded that these characters may be used to the advantage of the breeder for bringing simultaneous improvement of these traits easily. The inter correlations found among seed weight and seedling characters in J. curcas are consistent with those of earlier studies (PALMBERG, 1975; IKTUEREN, 1977; ISIK, 1986) . Heavier seed have more oil and have better seedling growth in the field. The correlation suggests that following the completion of germination, seedling allocate much of their energies for root and shoot development. ASLAN (1975) had a detailed study on the relationship between seed dimensions and seedling quality in Pinus brutia. His results also indicated that larger and heavier seeds produced better quality of seedlings. Such relationship can be exploited for screening of genotypes to have an early indication on their oil yield and growth performance.
The present study shows that there exists considerable amount of genetic variability in this species in central India with respect to oil quantity and growth performance which offers scope to breeder for selection and breeding. It is quite clear that Chhindwara (M.P) source is good in growth performance particularly in the prevailing conditions in Jabalpur (M.P.). Also this source can yield maximum oil from seeds. The Kundam, Jabalpur (local), Bichia and Niwas sources also performed satisfactorily in respect to growth and oil yield. These sources can safely be used for large-scale reforestation programmes in this region for better oil yield and vegetative growth. The work further gives a direction to effect and practise studies for genetic improvement of this species. Perhaps, this is a first attempt and report, which surveys and quantifies oil percentage and assesses growth performance of J. curcas populations from central India.
